OTS:  60-11,772 


( 


JPHS:  2846 
17  Jime  i960 


V 


ISO  TOPS  SXCHAIIGB  BET>[EEI  A  SOLID 
AITD  A  GAS 

-  USSR  - 


By  S 


Oalraner 


fr  - ' 


OFFICE  OF  TECHNIC Al^  SERVICES 
XL  S.  DEPARTMENT  OF  COMMERCE 
WASHINGTON  25,  D.  C. 


U.  S.  JOIKT  PUBLIOATIOIS  BSSEAEOH  SSBVIGS 
205  MST  42na  STEEBf,  SUITS  300 


19990205  067 


JPRS:  2846 


CSOs  3692-l^d 


ISOCOPE  .EXOItA-ITGE  BS21EEII  A  SOLID  BODY  A11D  A  G-AS 


^le  follOTlng  is  a  translation  of  an 
article  written  by  S.  D*  Oziraner  in  Problemy 
lanetiki  i  I^ataliza  (Iroblems  of  Kinetics  and 
Catalysis),  pages  267-275jJ7 

* 

A  study  of  the  isotope  exchange  betv/een  a  solid  bo¬ 
dy  and  a  gas  plays  an  important  role  in  explaining  the 
chemical  and  physical  mechanism  of  processes  talcing  place 
in  heterogeneous  systems.  In  the  first  place  it  concerns 
such  processes  as  absorption  and  heterogeneous  catalysis. 

In  numerous  investigations  of  the  isotope  exchange 
in  heterogeneous  systems  (see  for  instance,  the  detailed 
survey  of  Val  and  Bonner),  the  summary  effect  of  t^  ex¬ 
change  is  examined  without  attempting  to  fix  the  liraits 
of  the  two  independent  stages  of  the  process  —  the  ex¬ 
change  on  the  siirfaoe  of  the  phase  division,  and  the 
diffusion  inside  the  solid  body.  At  the  same  time,  as  a 
rule,  one  of  the  stages  is  accepted  as  a  controlling 
agent  of  the  summary  exchange  process,  often  without  sirf- 
ficient  foundation  to  warrant  it.  In  the  presence  of  com¬ 
mensurate  velocities  of  both  stages  of  the  isotope  ex- 
cliange,  such  an  interpretation  of  the  results  cannot  be 
considered  satisfactory.  On  the  strength  of  this,  it  is 
of  interest  to  find  criteria  that  allow  fixing  the  limits 
of  both  stages  of  the  isotope  exchange  process  and,  tliro- 
ugh  them,  determining  the  tarue  values  of  the  velocity-ex¬ 
change  constant  on  the  boundary  line  of  the  phase  division 
and  the  value  of  the  self -diffusion  coefficient, 

Ihe  present  investigation  is  devoted  to  a  se^ch 
for  these  criteria  and  to  an  experimental  verification  of 
results  obtained  from  calculation, 

let  us  examine  tiie  folloiving  conditions  of  the  iso¬ 
tope  exchange  process  betiveen  a  gas  and  a  solid  body,  let 
us  assume  that  a  solid  body  containing  a  marked  radioactive- 
isotope  is  deposited  in  1he  form  of  a  thin  layer.  If  the 
thidcness  of  the  layer  is  small  so  that  the  absorption  of 
Ithe  measured  radiation  can  be  ne^ected,  the  registered 


Ti^.di.oaoiiivlty  of  the  layer  is  proportional  to  the  number 
of  marked  atoms  contained  in  the  solid  body  at  a  given  mo¬ 
ment  of  time.,  M  V.  n 

Por  simplification  of  the  calculation,  we  shall 
ass^.'inie  the  solid  body  consists  of  separate  parti oIbb 

in  the  sliape  of  little  spheres  with  an  average  mdius^^o, 
and  -that  It  is  an  isotope.  At  the  beginning,  the 
atoms  are  distributed  in  the  particle  imiformly  and  uheir 
concentration  in  the  entire  volume  is  j  h 

Then  the  total  quantity  of  the  marked  atoms  in  the 
entire  underlying  layer  will  be : 


N 


% 

(1) 


where  is  the  quantity  of  particles, 

let  the  exchange  velocity  on  the  boundary  of  the 
division  of  a  unit  area  be  detemined  by  the  value  of  :■«« 
depending  on  the  concentration  of  exchanging  gas  e  and 
the  temperature  T  |  that  is,  /?  =  /?(<?.  3")r~  the  observed 
.constant  of  the  velocity  exchange,  The  quantity  of  the 
marked  .atoms  migrating  into  tlie  gaseous  phase,  in  a  unit  oi 
time  from  one  unit  of  area  at  ii=:0  will  be: 

— =  (2) 


and  for  all  particles  erf  the  solid  body: 

I 

.Erom  (1)  and  (3)  follows  that: 

dN  ZR 
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(3) 


(4) 


or: 


N 


3ir 

at  =  e 


(5) 


[^lierefore,  the  slope  of  the  tangent  to  the  curve  line  In  a 


a*b  I  tii©  valuo  I  r#  i  ICh.©  valti0 

a  portion  oif  the  rmexdhangea  atoms  —  is  equal  to  the 
ratio  of  the  radioaotilrity  of  the  layer, at  the  given  moment 
of  time  and  at  13ie  initial  moment. 

Por  ;<>PI  the  change  in  the  concentration- of  the 
reactive  atoms  la;  can  he  determined  hy  solving  an  equation 
of  diffusions 


D6n, 


where  i— is  a  Laplace  operator. 

Por  the  isotope  solid  body  consisting  of  particles 
— •  little  spheres  —  equation  (6;  can  be  expressed  in  the 
following  forms 


with  liMtlng  conditions 


for —.D-^==:Jtn 


and  initial  conditions 

for  <=0  i  (9) 

i  n  =  0  ma  r 

fhis  problem  is  analogous  to  a  problem  of  the  cool« 
Ing  velocity  of  a  uniformly  heated  sphere  in  a  space  -with 
a  temperature  equal  to  zero,  and  it  has  the  following  so¬ 
lutions 


n{r,  i)±= 


I 


sin  X|  r 

A, 


cos  t-i  jj-  r 


xJiL, 
i  u  * 


(10) 


Prom  the  condition  of  symmetry  according  to  a  beam,  -Si =0.  ; 
In  addition,  for  a  sufficiently  long  duration  of  time,  the 
^ries  quickly  diminishes  and  therefcxre  it  is  only  neoessa^ 


•  JL. 


R;o  consider  the  first  term; 


sinX  —  f  _.,jP 
n{r,  <)==^ — /> 


(11) 


Parameter  X  i  can  be  found  froa  the  limiting  conditions 
(8)  by  substituting  solutions  (11) 


transposing  the  last  equation,  we  have 


,  D 

^  =  -Kr-,f- 


(12) 


(13) 


where  ?  is  determined  by  the  relationship 


1  —  9  ctg  <p  = 


(14) 


Substituting  (13)  into  (11),  we  finally  have: 


sin  —  f  “T*  ; 

nlr.l)  =  A-^t  I 

r„'  ,1 


(15) 


Integrating  expression  (15)  for  r\  from  O'  to  r^j  ,  vre 
have : 


1  ®  4 

,-9‘-sr< 


JV 

a  =  iir  =  const  (9)  e 

/Va 


(16) 


tlierefore,  for  suffioiently  great  periods  of  time, 
the  curve  In «—!  straightens  and  its  slope  is  determined  by 
the  value 

'I  1 

If  we  designate  the  tangent  of  the  angle  of  the 
slope  Jna  — /  by  /  =  0i 


(17) 


) 


\ 

To 

t 

and  the  straight  part  of  the  crarve  for  large  t  by 

y=?*“F. 


(18) 


then  fro|i  the  .equalities  (14 )»  (17 )»  (18)  we  have: 

■  i  =  3(-L-^)  =  3/W. 


(19) 


According  to  the  graph  of  the  function  ,/(?)  we  find  the 
value :  ’f’ 

Therefore,  from  the  experirontal  data,  it  is  pos¬ 
sible  to  find  1316  values 

i and 

If  the  mean  statistical  measurements  of  the  solid 
body  particles  are  determined  by  an  independent  method, 
the  values  lil,  and  IPt  — -  the  observed  velocity  constant 
of  the  isotope  exchange  reaction  on  the  surface,  and  the 
coefficient  of -self -diffusion  —  can  be  found. 
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Hg,  1*  Beacliion'  part  of  the  installation* 
1-reaction  container}  2,5  -  inercta:y  stoppers}  4  -  tubing 
witli  crystalline  iodine }  5  -•  an  extension  for  freezing 
out}  6  -  ground  neck  for  stopper;  7  *•  beaker;  8  -  window; 
9  -  lead  shield i  10  -  Geiger-Miller  counter;  11  -  tubing 
for  filling  the  counter;  12  -  stopper;  13  -  tube,  for  eva¬ 
cuation  of  the  beaker;  14  -  branch  pipe,  to  mercury  pumps; 
15  -  conducting  leads  to  intensifier;  16  -  to  installa¬ 
tion  for  filling  the  counter;  17  -  to  vacuum* 


Experimental  confirmation  of  the  presented  calciila- 
tions  is  shown  in  an  example  of  a  kinetics  study  of  the 
isotope  exchange  between  solid  iodites  and  gaseous  iodine* 
Expeilments,  were  conducted  with  an  installation  a 
diagram  of  vshioh  is  shown  in  Eig*  1* 

Ihe  reactor  1  is  connected  on  one  side  to  a  vacuum 
part  of  the  installation  by  way  of  a  mercury  stopper  and, 
on  the  other  side,  by  way  of  mercury  stopper  3  to  an  ex- 
^tension  4  with  crystalline  iodine*  The  extension  5  serves.  i 


^■bo  create  a  flow  of  iodine  vapor  at  a  definite  pressure > 
corresponding  to  1±ie  pressure  of  the  medium  in  which  the 
extension  is  placed,  The  entire  reactor  is  placed  in  a 
thermostat  with  a  given  temperature. 

Inside  the  reactor,  a  header  equipped  with  a  glass 
ivindow  (8),  —  with  a  thicloiess  of  0,1  -  0,05  mm,  — ,  was 
installed  by  fitting  it  to  the  ground  neck  of  the  3:^actor, 
Inside  the  beaker,  a  lead  guard  (9)  was  placed  —  with  a 
: thieve ss  of  3  mm,  —  with  a  corresponding  opening  facing 
Hhe  glass  window.  By  tuining  the  stopper  (12),  the  guard 
could  be  turned  in  such  way  as  to  close  the  window  during 
measurement  of  the  natural  background  by  the  counter  10, 
Inside  the  beaker  it  ms  possible  to  create  an  appropriate 
vacunm  to  gmrd  the  window  from  destruction,  Por  avoid¬ 
ance  of  sorption  of  water  vapors,  the  surface  of  the  mer¬ 
cury  in  the  stoppers  was  covered  with  phosphorus  acid. 

The  ground  neck  of  the  beaker  was  also  smeared  with  the 


same  acid, 

Iodide  marked  with  radioactive  iodine  (I-*-^'*-)  was 
placed  on  ttie  window  in  the  form  of  a  solution  and  then 
evaporated  at  a  temperature  of  80-90®,  The  total  quanti¬ 
ty  of  iodine  in  the  layer,  as  a  rule,  did  not  exceed  0,1 
mg.  Thus,  self -absorption  of 
could  be  neglected.  The  time 
in  comparison  vTith  the  period 
(8  claj'-s). 


,  -part idles  (0,6  mev) 
duration  v/as  small  (2!?2-hrs) 
of  -the  half-life  of  I'*-^'^ 


_L 


»  SB  x«.aeBw»9oiBommm»Qi5QMim. 


PiS«  2.  lielationship  betweenllg«(56)  and  time  at 
293 for  Lil. 


Af’ber  evacuation  of  the  reactor,  the  stopper  2  was 
closed  and  the  stopper  3  was  opened#  Iodine  evaporated  in 
the  extension  4  and  condensed  in  extension  5*  The  radio¬ 
activity  of  the  iodide  layer  was  measured  periodically* 

The  portion  of  the  unchanged  atoms  of  the  radio- 
iodine  were  deteimined  by  a  ratio : 


where is  radioactivity  of  the  layer  at  1he  beglnMng 
of  the  experiment, 

At  —  is  radioactivity  of  the  layer  at  the  moment  of 
time  h 

Pig.  2  indicates  the  relationship  between 
and  the  time  for  litliitmi  iodide  at  various  conoentrations 
of  iodine  in  the  gaseous  phase  and  at  a  temperature  of 
293 

Hoentgenographio  measurements  for  the  crystals  of 
lithium. iodide  produced  mean  statistical  measurements  of 
X.2»10-'»‘  cm. 


8 


On  1416  basis  pf  this  data,  fable  1,  containing  cal- ! 
dilating  values  tor  1  J|f  f  and  was  compiled, 

fable  1 

Itelationship  between and  '!>;  andljtlijfca:  lil  at  3r«»iW®K 


As  is  evident  from  the  data  in  the^^  table,  14ie  value 
of  the  self -diffusion  coefficient  remains  pradtically  con¬ 
stant  while  the  observed  constant  of  the  velocity  exchange 
on  the  stcrfaoe  grows  with  an  increase  of  the  iodine  concen¬ 
tration  in  the  gas  phase. 

It  is  interesting  to  note  that  an  increase  in  the 
mass  of  the  solid  phase  by  10  times  does  not  materially 
increase  the  values  ot  R  and  Z).i,  Ilrom  this  observation 
it  follows  that  the  diffusion  velocity  of  iodine  vaopors 
in  a  ^s  phase  does  not  in  the  least  influence  the  exchange 
velocity,  and  that  tlie  measurements  were  talcing  place  in 
the  region  cf  kinetics  exclusively. 


_.9„. 


*  Che  observed  reaction  velocity  constant 

follov/ins  relationship  with  the  concentration  of  iodine  i 

the  gas  phase:  .  o  *.  *  : 

R  fee  I 


where  Ate=:44,5 


CM  CM* 
ceK  Mr’'' 


2he  finding  of  a  relationship  between  the  vel^ity 

of  the  isotope  exchange  (*);  and  the  b2is 

cient  {D)  and  the  temperature  connoted 
of  the  Icinetio  curves  Ig«  -  «  at  20®  to  40  .  The  values  . 
k  and  D  obtained  from  tliese  curves  (Pig.  3)  and  their 

relationship  to  temperature  : 

2h.6  slop6  of  tii6  lujios  jg 

Ig  D_1  corresponds  the  activating  energy 

*  I 

jB»=9900  cal/mole  and  £/»  =  9700  cal/mole. 

The  isotope  exchange  of  mter  jon- 

dides  was  studied  at  temperatures  of  293^K  and  various  con 

oentrations  of  vapors.  a  t  n 

Table  2  presents  the  values  found  Aor  «  and  i/.  « 

Table  2 

Values  of  4  and  Difor  iodides  at  r««293®K  ; 

- - — '"T  Radius  ofll - ■"“"■"j  ~ 

Charge  ofi  J  .sHL  jSSL  ■  ««tseo 

cation  i  *  '  secj  mgl 


-  Iodide 1 

k, 

cm*  <W 

seej  ffigi 

•  cMfseO' 

LiJ 

44,5 

1,7  .  l(7-« 

Naf 

V  27,6 

0,062 . 10-M 

Kl 

S8fi  . 

0,02  .10~M 

CaJa 

28,0 

0,14  .10-*' 

Erom  this  data  it  is  apparent  that  the 
constant  of  the  exchange  does  not  ®^®^fL4Sv 

passing  over  from  one  cation  to  ®°^tS?of 

the  self -diffusion  coefficient  of  iodine  in  the 
iodide  changes  fairly  stronjiy  depending  on  the  oat-on. 


10 


Ut  -the  same  it  decreases  with  the  growth  of  the  ra¬ 

dius  of  the  cation -and  increases  with  the  growth  of  the 
charge,  Shis,  fully  agrees  with  the  data  regarding  almost 
instantaneous  exchange  between  aluminum  iodide  and  iodpe 
{radius  of  aluminum  ion  ~  1,57  A  of  the  charge 


The  author  expresses  Ms  thanks  to  &.  S,  Roglnslciy 
for  his  valuable  suggestions. 
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